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S U W R Y  OF F I h i I X G S  

S o i l  samples were c o l l e c t e d  t o  a depth o f  20 cm a t  33 si tes  

extending as  far as 40 miles from t h e  Dow Chemical C O . ’ s  Rocky Flats 

plant 2 9  CDlcrado.  DepDsition co3ce3tratrons o f  Pc-239 as high zs i 

2000 ‘;;C:/~:T- &ere found cff the p l a n t  site Sut these high cancentra- 

t i o n s  decreased rapidly with distance.  The contamination pattern 

e>ten?s eastwzrt3 f r o n  t h e  planc  i n  tho direc t i c r i  o f  t‘ne r e s a l t a n t  

w r c !  vecmr and has v i r t c z l l y  no westward cc-ament. 

3 

T%e patte-a 1s 

- -  l?ca--=atL>le * h i ’ ~ ~ ,  the rjir~c oirection c i ~  ~ h e  < . ~ y  cf the ::=y 23. I489 

f i r e .  Ledan,- b z r r e l s  o f  plutonium laden c u t t i n g  o i l  stored m t b  

southeast corner o f  t h e  plant are considered the likely source of 

t h e  c o n t a r i n a n t .  

Three rnCi/km2 of Pu-239 i s  the  lowest contour readily d i s c e r n i b l e  

t h e  contamination pat tern  and extends about 8 miles east and south- 

e a s t  of  the plant .  

2 3 m C d k m  

tent o f  the Rocky F l a t s  ,sl-239 beyond t h i s  contour is difficult t0 de- 

termine because t h e  deposition of Pu-239 from nuclear weapon tests 

fallout is not p r e c i s e l y  known in t h e  Denver area. 

of the cumulative fallout Pu-239 i s  1.5 rnCi/km2 based upon a 1965 

The inventory o f  Rocky Flats Pu-239 - thin  the 

contour but excluding AEC contro l led  land is 2.6 C i .  The ex- 

Our best estunate 
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soli sample from nearby Derby, Colorado. 

a t  40 nilcs to t h e  e a s t  and n o r t h  of t h e  p lant  show a s l i g h t l y  higher 

The most d i s t a n t  sltes  

~ 

value o f  2 .O mCi/km2. The intcrvcning s i t e s  average 2 . 4  mCi/kmz. 

If t h e  extrcnne and u n l i k e l y  assumption i s  made t h a t  the entire area - 
l y i n g  40 miles to  t h e  e a s t  and north of t h e  p l a n t  i s  contanunated 

w i t h  1 rnCi/kx*, an addit ional  3.2 Ci of Rocky Flats plut=rnium muld 

I 

, have been released to  these remote areas .  Sr-90 analyses of the 

I 
Rocky Flats solls and other  studies are i n  process which might re- 

solve  t h i s  uncertainty i n  the remote areas ,  b u t  addit ional  sampling 

- nay be required t o  thoroughly solve t h e  problem. 

E S  13 cr., eLt'nough t h e  d i s t r i b u t i o n  shows wide v a r i a b i l i t y  a2pzrentrIy 

depending u-mn s o i l  chemistry. I n  several  cases there i s  as much as 

60% of the t o t a l  p l u t o n i u m  below 5 cm. The a n a l y t i c a l  precision of 
. 

I 

ahquot ing  t h e  sample and ana lys i s  was shown to  be r20X.  Analyses Of ---- - 

I dupl icate  samples taken from the same locat ion showed sirrular preci- 

sion indicating t h a t  the soil sampling was representat ive  of the area 

. 

studied.  . 
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I N T R O D U C T I O N  

I /- c 

O n  May 11, 1969 a serAous f i r e  broke out a t  the Atomic Energy 

( r) Commission's plutonium processing p l a n t  a t  Rocky F l a t s ,  Colorado . 
Stimulated by the poss ib le  r e l e a s e  o f  plutonium t o  t h e  environment 

by ~ 5 - s  f i r e ,  Dr. Martell  demonstrated t h e  presence o f  Rocky F l a t s  
! 

plutmicz i n  s o i l  around the p l a n t  ( 2 ) .  On fur ther  inves t igat ion  it 

appeared that  there were three other p l a u s i b l e  sources f o r  t h l s  off- 

site $rkcniu~,  i .e. : 

1 .  the SeFtember ll, 1957 f i r e ;  

c1 &.  l eak ing  d r c s  of conta,r,inated c u t t i n ' j  o i l  i n  a 
storage area i n  t n e  southezst  corner o f  the  p l a n t  
conplex; 

3 .  a chronic low l e v e l  s t a c k  e f f l u e n t .  

Because of our  exper t i se  i n  s o i l  samp1ir.g f o r  radionuclides and 

t h e i r  analyses,  HASL was i n v i t e d  t o  perform an i n i t i a l  study of 

the dis tr ibut ion o f  pu-239 i n  s o i l  around the  plant .  The o b ~ e c t i w e s  

o f  t h i s  i n i t i a l  s tudy were to: 

(a)  confirm and broadly quant i fy  the l e v e l s  of Rocky 
F l a t s  plutonium i n  the  soil; 

(b) def ine  the maximum dis tances  from the  plant  a t  which 
s i g n i f i c a n t  Rocky F l a t s  plutonium could be detected: 
and 

( c )  i f  p o s s i b l e ,  determine t h e  quant i ty  o f  Rocky Flats 
plutonium 1 ~ n  the s o i l  Dff-si-. that LS, o f f  AEC property. 

- 3 -  I. 



Prcopcrational  Survey 

To a s s i s t  u s  i n  designing a sampling program, w e  requested 

D r .  I .  Van der Iioven, C h i e f ,  ERL, ESSA,  Washington, D.C.  t o  make a 

meteorological  examination o f  the  Rocky F l a t s  a r e a .  In response 

C .  R. Dickson and G. E. S t a r t  surveyed the  area  during the  week of 

January 2 C ,  1370,  and i n  t h e i r  memorandum t o  the f i les  ( 3 )  made the 

f o l l o t  235 ossezva t i o n s  and recommendations: 

1. More if not  most o f  the Rocky F l a t s  plutonium in the  

s o i l  aromc! the p l a n t  was contributed by the  1957 f i r e  and the 

leakage f r c ~  the contaxmated drums . 
2 .  ynzse druns w s r e  g l a c e 6  in outside s torage froin 1958 

u n L l  13665. I n i t i a l  leakage was detected i n  1964. The change 

i n  the d i s t r i l x t r o n  o f  t h i s  contamination on the  p l a n t  property 

during a period o f  one year suggested t h a t  a gradual southeastward 

movement may have taken p l a c e .  
I- - 

3 .  The wind rose- averaged over a 17-year i n t e r v a l  at the 

Rocky F l a t s  p l a n t  i s  given in Figure 1. West winds occur almost 

25% o f  t h e  time; over 500k of the winds have a westerly component. 

The s trongest  gus ts  and the  d i r e c t i o n s  o f  the  most f requent  strong 

g u s t s  (speeds g r e a t e r  than 40 mph) a r e  from the west. The resul- 

t a n t  wind vector (derived from the  wind rose frequencies and mean 

speeds) p o i n t s  almost e x a c t l y  eastward. 

- 4 -  
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FIGURE f 

1953- I970 
AVERAGE \'/liJD ROSE AT ROCKY FLATS PLANT 

ARROIYS POlF1T T0"IARD THE DIRECTlON THE \'!!MD IS 
BLO';!ING, f JUl  l2EiIS AT EtJD OF CRH0:'iS REPRESENT 
VELOCITY I f 1  'if" LENGTH OF ,2320'3S At10 C0;ICENTRIC 
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The Denver wind r o t e  shows t h a t  southerly t o  southwesterly 

w i n d s  a r e  most frequent.  A i r  flowing eastward from Rocky F l a t s  

should merge w i t h  the southerly a i r  flow across  Denver and be car-  

I r i e d  north-north eastward. The South P l a t t e  River Val ley,  about 20 

nrles e a s t  cf Rocky F l a t s ,  is t h e  l o g i c a l  t e r r a i n  fea ture  along which 

t h i s  trans;trcn from westerly flow snould approach completion. . 
L 

I 

1 

The wind d i r e c t i o n  on 5/11/69, the day o f  t h e  l a s t  ser ious  f i r e ,  i 

was r.astly fro-, the north - northeast  ax speeds fro= 2 - 10 mph. 
~ Figure 2 gives mean hourly winds d u r i n g  t h a t  f i re .  The wind d i r e c t i o n s  

I k - r i f i z  t?.e 9/11/57 fize are shown in Fig. 3 ( 4 )  . 

4 .  Strong qusty wrnds frequently occur i n  the  lee o f  the  moun- 

t a i n s  a t  Rocky F l a t s :  several  days each year wind g u s t s  exceed 70 to 

80 mph. Consequently, wind erosion has removed much o f  the f i n e  

soil and alluvium leaving mostly rock and sand p a r t i c l e s  a t  the 

- ground surface.  Two creeks ,  Walnut and Woman Creeks, pass to the 

north and south o f  t h e  p lant  i n  an e a s t e r l y  direction.  These creeks  

b e g i n  t o  flow 'ibrough s i g n i f i c a n t l y  deep g u l l i e s  ( severa l  hundred 

I yards wide) a s  they flow by the eastern l i m i t s  o f  the p l a n t .  The 

~ s o i l  i n  the g u l l i e s  which was wind eroded from the f l a t s  i s  f iner  and 

I deeper,  and is more l l k e l y  t o  become a t r a p  for windborne p a r t i c l e s  

, of plutoniumo 

' c  - 6 -  
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FIGURE 2 
AVERAGE HOURLY \'JltJDS DURING FIRE 

OF MAY I I ,  1969 
ARRO\'IS POI?JT T0"'ARD THE Gl2ECTIO:J THE AVERAGE 
HOURLY \NJCS  WEEE S1O:ilNG. THE CEiXTH OF THE 
ARRO'.'IS AND ThE CO?!CII;iTRIC CIRCLES REFLECT THE 
WIND VELOCITY IN :APH. 

I 
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FIGURE 3 

AVERAGE KOURLY YAFIDS DURING FIRE 

ARRO'VS POIL'T TO'*,'Ai?D THE DIRECTION T H E  AVERAGE 

ARRO'.IS AtlD THE COXCENTRIC CIRCLES REFLECT THE 

YiHICH CEGA:J ON SEPTEklBER I f ,  1957 

HOURLY '.'ill~!lS ',/ERE SLO'tIING THE LE.\IGTH OF THE  

YdlND VELOCITY lrJ !APH. 
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Sampf i rq  S i t e  Location 

The week of February 9 ,  1970 was s e t  aside for  the col lect ion 

o f  the s o i l  samples. Based upon the pre-operational survey, emphasis 

was given t o  s i t e  location i n  the  downwind direction from the plant.  

If the results  o f  L h s  A t e d  a c e  week =axpiing revealed serious 

d e f i c i m c i e s ,  the intent was to c o l l e c t  adht ional  sezqles l a t e r  to 

s a t i s f y  t h e  need. The selected sampling s i t e s  and their  description 

are  given i n  Table 1 and plotted I n  Figure 4.  

m r i l y  dependent u p n  the rockiness o f  the s o i l ,  I n  those areas 

(5) wnere rccks d i d  G o t  pose a problem, we used the core sampling method . 
In the inmediate v i c i n i t y  o f  the Rocky F la ts  plant , core sampling was 

not possible. 

area sample t o  the required depth. W e  t r i e d  t o  s e l e c t  sites f o r  

Here it was necessary t o  c u t  out a one square foot  

samplin-j t h a t  had been undisturbed since the  plant started operations 

i n  1953.  The sites were vegetated and i n  large flat open areas where 

it could reasonably be assumed that  deposited material would not have 

been reioved by water erosion. W e  avoided sites where debris might 

have accumulated such as i n  depressions, a t  the foot  of slopes, or 

It 

i n  flooded areas.  O u r  & ? d y e  was tz t i k e  samples that  would 

- 9 -  
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measure the t o t a l  amount o f  plutonium t h a t  had f a l l e n  out .  A t  the 

t ime,  we a r b i t r a r i l y  decided t o  sample from t h e  surface down t o  20 

ccntimetcrs,  expecting t h a t  a t  t h i s  depth we would i n c l u d e  a l l  the 

plutonium. We s h a l l  b r i e f l y  descr ibe  t h e  sampling techniques used. 

I n  those areas 

o u t  a s t r a i s h t  l i n e  

(one f o o t )  spacings 

diameter plugs from 

where c o r e  sampling was possible, we first l a i d  

t r a n s e c t  about 5 meters long. With about 3 0  c m  

i n  between cores, w e  c u t  out  t e n  8 . 9  c m  ( 3 . 5  i n . )  
! 

the sur face  t o  5 cn,  i n c l u d i n g  the  vegetation 

2nd root ,mat. 

Next we re;loved t h e  s o i l  f r o m  5 t o  20 c m  with an auger which bores 

z;1 I . 9  CT L a n e t e r  hole. At some s i t e s ,  we s q a r a t e d  the 0 - 5 crn 

and 5 - 20  cm samples. I n  n o s t  cases, howewer, t h e  two f r a c t i o n s  

were conbined. Further saiipling d e t a i l s  and descr ipt ions  o f  t h e  t o o l s  

are given elsewhere(5).  

I n  t h ~ s  wzy we sampled an area  o f  622 cm2 (0.67 ft2) . 

A t  map s i te  KO. 8, we sampled a one hole depth p r o f i l e  by 

mechanically d r i l l i n g  w i t h  hole saws t o  a depth o f  13 cm. Sampling 

from 13 to 20  cm was done with the  hand auger. 

A t  those s i t e s  where there was a preponderance o f  rocks in the 

s o i l ,  the ?referred method of core sampling could not  be done. In- 

s tead  we placed a 930 square centimeter (one square foot )  metal 

. 

- 12 - 
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template on top o f  t h e  spot selected for  sampling and cut out t h e  

sample w i t h  chisels  and scoops. The rocks were included w l t h  the 

sample a C . 
A t  map s i t e  No. 6, we took samples o f  s o i l  a t  various depths 

Cow. to  2 0  cm. This wzs a very roc'<;. area so t h a t  we frad t o  use m e  

one sq ta re  f o o t  kemplete end chisel out the samples 8s c a r e f u l l y  3s 

poss ib le .  The f i rs t  5 c m  were relatively easy t o  saxple b u t  as we 

To convert from the  reasclred concentrations (dpn per gram) to act5.vrty 

per unit area we assuned a soil density of 1.2 grams per cm3 down to 

15 cm and 2.4  grams per an3 from 15 t o  18 cm. These d e n s i t y  values 

--were obtained a s  averages o f  a considerable body of data accumulated 
- - -  

at HASL over a 15 year period. As we sampled the depth profile at 

t h i s  s i t e ,  w e  removed and discarded t h e  rocks.  

Ten o f  the  Rocky F l a t s  semples required the  removal of the 

l a r g e r  rocks. We assumed t h a t  a n  i n s i g n i f i c a n t  amount of p l u t o n i m  

w u l d  be i n  t h e  rock f rac t ion  and consequently based t h e  c a l c u l a t e d  

a c t i v i t y  per u n i t  area on t h e  weight of t h e  soil f r a c t i o n .  TO be 

- 13 - 



I . 
I - -  

* 

sure t h i s  was proper, we apalyzed the  separated rock f r a c t i o n  of the 

so11 containing t h e  h ighcs  t concentration of plutonium. We found 

only 0.2 percent of t h e  t o t a l  plutonium associated w i t h  t h e  scpa- 

rated rocks and therefore  neglected t h e  rock f rac t ion  in the remain- 
- 

i n g  samples. 

PJIDIOCI!E?!ICXL AXALYS IS  

Sarnpl e P r e m  rs t i o n  

t?e a t  E?S L , thei7 were s2read out 00 

top soil pluss c o n s i s t i n g  o f  vegetatzon zrd root mar. We cat up the 

v e g e c a t i o z  so thac  it could 3e dis t r ibuted  honcgeneodsly thraughout 

the sample. Vhen t h e  sanple m s  completely d,-y It was weiqhed hi 

L ~ S - e n t i r e t y .  Then, when necessary,  any rocks were remcved and 

weighed separately. 
- -- 

The sample was t h e n  crushed and transferred t o  a blender. Aftex 

rnixiqg, we spread the sample out on a piece of plastic, marked o f f  

q u a r t e r s ,  an6 took scoop fulls from each quarter  Ln a consecutive 

nanner u n t i l  aboQt a kilogram had been co l lec ted .  This sub-sample 

was then pulverized i n  a r o t a r y  hammer m 1 1  and transferred t o  a p l y  

ethylene bottle 

! 

- 14 - 
c 



Ono hundred cpnn nliquoto 02 th? pulvcrizod material were 

Complete d i s  solution Of a for radiochaxical analysis 

the classical and most dependable method o f  analysis. LYowever, 5.m 

the case o f  soil, it i n  ala0 moot d i e f i c u l t ,  tedious, and t ine  con- 

suming. The HASL loach method was dovelopod to el iminate  the need 

aliquotcd at vcrriouo t inon  f o r  oubnioaion to the analytical labora-  

tory. Thio soil sanplo proparation procedure and equfprnent used 

for crushing, blonding, and pulvorizing aro described elsewhere (5) 

RadiocYmica l  ?rocndurc) 

T A ~  r a d i c c h m i c z l  pZoc~.duro f C z  _~luto,?~*&z~ b so= was CeveYqed, 

by Nwtoon Cbu a t  the Eczl th  and SzZoty Laboratory. 

leaching a 100 gram aliquot of s o i l  with  hydrochloric and n i t r i c  acids. 

t i e  snow slelow thzt ';k.fs sathod effcczively renaves a l l  tce plutsnium. 

- - . cy  ,--, is i s o l a t e d  r?y anios e::c)lzr,S:e [ n i % r a t c  fo=3 2:s electro- 

ft involves 

t ~ 4 - n - 9  1.r 
* *  

dc_wtLcei on a p l a t i n n  disc. 

by alph spectrometry and yielded with Fu-236. 

described ~n detail  elsswhere (5 )  . 
Tha plutonizx i s e t o ~ s  =re zesolwed 

This Fmcedure fs 

Most of thc analyses of  tho mcky Flats  soils  were done by kwo 

contractor laboratorios t Teledyne fSOtOpC8 of Palo A l t o ,  California 

(designated hero as I?A) and Trapele Division West of kichnondE 

California (TLW) 

c 



. 
f o r  complete dissolution b u t  to  provide accurate,  dependable re- 

s u l t s .  To show that  the leach method f u l f i l l e d  i t s  ob]cctives,  
I 

e 

many samples were analyzed by both leaching and complete dissolution 

and gave comparable results .  

Three different sanples from Rocky F la ts  were selected as rep- 

resenting wrdely d i f f e r e n t  .sa11 ty;rrs. !?qlicate al iquots Qf each 

were analyzsd f o r  Pu-239 5y the leach and fusion methods. The fusion , 

method affords complete dissolution of the sample by decomposing it in 

molten sodium carbonate. Table 2 gives the resul ts  o f  these analyses 

and s?ows that  the mean percent deviztion between the  methods was 13% 

C t h c r  S G L ~ S  were similarly analyzed and the resul ts  are a l s o  

reported i n  Table 2 .  A second nethod o f  complete dissolution was 

used for  sone o f  these samples0 and i s  indicated as EiF dissolution in 

t h e  table.  T h i s  technique a f f e c t s  complete dissolct ion by prolonged 

digestion o f  the sample w i t h  hudroflucric and perchlcrzc acids.  The 

mean percent deviation between methods f o r  these s o i l s  i s  12% which 

1s not s t a t i s t i c a l l y  d i f ferent  from the patterr. i n  the Rocky F l a t s  

soiPs. These data convincingly demonstrate t h a t  the leach  procedure 

permits an accurate assessment o f  the plutonium content in many0 if 

- 16 - 
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Table 2 

COMPLETE DISSOLUTION VTRST'S LC'\CHINC 
Rocky Flats Soils 

Lab Method Pu-239 Sample - 
3 Devratron Dztwccn 

btethods 
dpn/c; 

*% 0 

leach 3 .OS24 3 -2 
fusron 3.18*4 

Map S i t e  

7 

6 

14 HASL 
I 

leach 18.724 
16 3.5 

f u  s ron 16 .C&S 

" 6 HASL 
.I 

I 

8 -9 

leach 0,06&4 
fusion O-OGCk4 

28 4 HASL 
" 

mean: U. 

Other Soils 

leach 

fusion 
I 

0.0167~4 
0.016S;rS 
0.016624 

N . Y . C .  6/67 0-20 m X PA 

HASL 

TLW 

I 

a 

.) 

" 

T W  

I 

I 

TLW 
a 

I 

I 

HASL 

TLW 

4 R S L  

0 

11 
N . Y . C .  12/69 0-2 .S cm leach 

m 

€iF dissolution " 

0.22*10 
0.2-5 
0.2326 
0.24*5 

0.09126 
0.09625 
0.09&6 
0.09225 

N.Y .C. 12/69 0-5 ~m leach 
I 

HF dissolution 
I 

3.3 

F.Y  .C. 12/69 5-20 Cm leach 
I 

€IF dissolution 
I 

fusron 

0.004&20 
0,0041k16 
0.0035$42 
0.004% 13 
0.004125 

0.0074*35 

7 .I 

37,  leach "Rlrck' Soil, 1958 

0.0051~4 

mean: l20 

- 17 - 
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not a l l ,  s o i l s  and c e r t a i n l y  i n  the soils encountered i n  the Rocky 

F l a t s  area.  

The deviations between methods reported i n  Table 2 inc lude the 

error terms attendant t o  a l iquot ing  and a n a l y t i c a l  precision. If the 

sam2le i s  not homogenized, deviatrons between aliciuots w i l l  be hlgh, 

By m i n i m i z i n g  t h e  e r r o r  due t o  a n a l y t i c a l  precision, the data in 
L e  

Table(2) suggests t h a t  t h e  e r r o r  due t o  a l iquot ing i s  213% or less. 

R E S U L T S  

p:-238 ZRC -31-239 analyses o f  a l l  t h e  R x k y  Flat-.; samples 

FLUS a5di t ior ia l  refsrence samples are  given i n  Tables 2- -5 S o f  the 

Appendix. Complete i n f o r m t i o n  regarding the collection area, the 

depth and weighr: o f  sazple  o r  f r a c t i o n  thereof,  t h e  analytical lab- 

oratory ,  and Pu-238/Pu-239 ratios a r e  also reported. T h e  n C i l k . ? *  Of 

-- - 
Pu-239 and Pu-238 integrated from 0 - 20 an a t  each map si te  was 

c a l c c l a t e d  from Table A and LS summarized iI: Table 3 along w l t h  the 

integrated pu-23 8/pu-23 9 r a t i o  . When dupl icate  analyses were re- 

p r t e d ,  t he  average o f  the dupl icates  were used i n  ca lcu la t ing  the 

map s i t e  value unless  otherwise s p e c i f l e d  i n  Table A. 

t i o n  contours derived from Table 3 a r e  p lo t ted  i n  Figure 5. 

The deposi- 
- 

. .  

. 

- 18 - 
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‘ c  

Since a number o f  e a r l i e r  reports  gave t h e i r  data only in 

u n i t s  o f  dpm/g s o i l ,  these values a r e  a l s o  shown i n  Table A. 

u n i t s  are not a t  a l l  useful  f o r  our study, and a r c  d i f f r c u l t  to  com- 

pare without specifylng depth o f  sampling and sample pretreatment.  

These  

The results o f  t h e  depth  p r o f i l e  s tudies  a r e  sunmarlzed i n  

Table 4 as percent o f  the integrated a c t i v i t y  down t o  20 c m  found in 

each incremental depth sampled. 

New York City  and Waynesville, Ohio a r e  i n c l u d e d  for cmpar ison .  

P r o f i l e s  of f a l l o u t  phtonium i n  

--- .- _ _  
*Footnote: From Table A it can be seen that a t  map s i t e  

No. 8 t h e  13 - 20 cm increnent  contalr-ed more 
plutonium than the preceding increse-lt .  In 
evaluatlng t h i s  depth p r o f i l e  i n  Table 4 we 
summed t h e  9 - 13 c m  and t h e  13 - 2 0  cm values 
and reported t h e  t o t a l  a c t i v i t y  per u n i t  area 
from 9 - 2 0  cm. S i m i l a r l y  a t  aap s1t.e No. 6 
we combined t h e  13 - 1 5  cm and 15 - 18 cm 
values f o r  presentation in Table 4.  

- 19 - 



Table 3 c 

1 

2 

3 

4 

5 

6 

7 

8 

3 

10 

11 

12 

I3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

J 26 

27 

28 

29 

30 

31  

32 

33 

" 

2.4 

3 .l 

4.2 

11. 

15 

1950 - 
480. 

630 

2 e 6  

2.2 

5.4 

47. 

50 

17 

18 

19. 

14. 

2 .o 

8 -0 

2 -6 

2 a 7  

2.2 

3 .o 

2 e 6  

2.4 

2.3 

2 .o 

2 -5 

2 .o 

2 .e 

2.1 

2.7 

1 .e 

0 - l  

- 

0.07 

0.06 

0.12 

0.23 

0 36 

37.7 

8 9  

12.5 

0.07 

0 -63 

0.25 

1.2 

0 94 

0.39 

0 3 2  

0.41 

0.23 

0.06 

0.20 

0 -13 

0.06 

0 -13 

0 A7 

0 .06 

0 e 0 7  

0 e16 

0 e 0 5  

0.20 

0 .lS 

0.1s 

0.06 

0.22 

0.06 

20 - 

0.029 

0.019 

0 028 

0.021 

0 024 

0.019 

0 .om 
0.020 

0.027 

0 29 

0 . O M  

0.026 

0 .or9 
0.023 

0.018 

0.022 

0.016 

0.030 

0 .a25 

0 .os0 

0.022 

0 .os9 

0.023 

0 .O23 

0 .O29 

I 

0.070 

' 0.02s 

0.080 

0.075 

0 .OS4 

0.028 

0.0e1 

0.033 

! 
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Fzgure 5: 

PLUTONIUM-23 9 COX'GURS XROUN!l 

2 
ROCKY FLATS 

Contour values i n  mCi p e r  km 
( l i g h t  f rgures) 

Numbered sampling s i t s  
( b o l d e r  f iqures) 

AEC property boun?dsry - - - e -  0 -  

Dow Rocky Flats P l a n t  -------- 

\ 
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Table 4 

DEPTII DISTQI?VTIO" OF PLUTONIUM 
Rocky F l a t s  Soils 

x of 
t o t a l  PJ239 

6 0-5 
5-8 
8-10 

10-13 
13-18 

68 
24 
6 
1 

4 1  

0-6 
6-9 
9-20 

66 
21 
13 

8 

8 

12 

14 

26 

27 

29 

0-5 
5-20 

67 
33 

0-5 
5-20 

91 
9 

0-5 
5-20 

61 
3 9  

0-5 
5-20 

39 
61 

0-5 
5-20 

45 
55 

6-10 
10-20 

92 
8 

Other  Soils 

Sampling 
S i t e  date 

0.2% New York C i t y  Dec. 1969 66 

e 5  
5-2 0 

81 
19 

Wayncsvillc, O h i o  Apr. 1970 0-6 
6-20 

47 
53 

- 22 - 
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QUALITY C0:TSOL 

EiASL c a r r i c s  on a n  elaborate and extensive q u a l i t y  control  

program, both i n t e r n a l l y  and w i t h  i t s  contrac tors ,  t o  assure the 

v a l i d i t y  o f  reported analyses.  S i n c e  t h i s  p a r t i c u l a r  s tudy differs  

fron our f a l l o u t  programs, the q u a l i t y  contro l  procedures and results 

zre re-wrted here in d e t a i l .  
! 

To monitor  the quality o f  t h e  a n a l y t i c a l  r e s u l t s ,  b l i n d  contro l  

samples were admixed w i t h  t h e  normal schedule o f  routine samples. 

Zhnesr- c m t r o l s  I n c l u d e Z  blank o r  l o w  l e v e l  Pu-239 sarrples, duplicate  

a l i q ~ o t s  of prepared smples,  and several  reference  sanples. 

?:TT-’- ?-Z L;ow le\-el SanDles 

Tim low l e v e l  samples were used. One was a pre-boFb s o i l ,  

t h a t  is a soil collected prior to 1945 which LS the b i r t h  year of 

nuclear weaponry. A second was a soil sample re t r ieved  from the 
I__- - 

town o f  Woodcliff Lake, New Jersey i n  March 1970 a t  a depth below 90 

CF which was processed along w i t h  t5e o ther  samples. The results  Of 

the analyses of these two samples a r e  given i n  Table 5 .  

I n  general ,  t h e  r e s u l t s  i n  Table 5 show no detec tab le  plutonium 

a c t i v i z y  i n  the pre-bonb sample and a s u r p r i s i n g  value of about 

0.005 dpm per gram Pu-239 for the VJoodcliff Lake sample. E i ther  a 

f 

- 23 - 
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Table 5 

PLUTONXUN 11: BLANK Arm LOW LEVEL SWPLES 

dprn per gram 
Sample Lab Pu-239 

Pr e -bo.& 
(csj’llccted Defore 1945) 

W 

a 

HASL 

I PA 
I PA 

TLW * 
TLW 

I?A 

I PA 

TLW 

TLW * 

TLW 

0.0003 2 100% 

0.0001 2 100% 
0.0001 f 100% 

0.0196 2 7% 
0.0001 2 100% 

0.0046 k 7% 

0.0043 2 6% 

0.0971 4 9% 

0.0468 f 5% 

0.0055 2 25% 

PU-23 8 

0.0002 2 l O P &  

0.0001 k 100% 
0.0001 f 100% 

0.0054 f 14% 
0.0001 2 100% 

0.0001 t 1 0 m  

0.0001 2 100% 

0.0009 f 53”h 

0.0001 5 100% 

0.0002 2 100% 

c 

*Suspect value 

- 24 - 



small amount of Pu-239 penetrated t o  that  depth or  more reasonably 

the sample was s l i g h t l y  contaminated dur ing  co l lec t ion  or subsequent 

pre-analyses treatment. Bowevere i n  one o f  the repl i ca te  analyses 

of each o f  these samples, Trapelo appears t o  have introduced from 

2 to 4 dpm of Pu-239 contammaboa (1DD s r a n  aliquotc were analyzed) 

This can represent a na-Jor portion of t h e  to  t a l  acLLivity found 

samples remote from the Rocky Flats plant ;  although the data rn 

Table 5 also  suggest that  t h i s  contamination a t  Trapelo i s  not c0n- 

sisterit.  Exanination o f  Table 5 and Tables A and 3 in the Ap-m-dix 

i n C i c = t e s  that, on b a l m c e ,  contannation by Izbora'ro-ry h=Itc?lLng and 

anelyses was not measurable o r  was r e l a t i v e l y  unuz-prtznt to the 

outcoae o f  t h i s  study. 

Analytical Precision 

The percent deviation between al iquots of a prepared sample, 

which represents the difference between aliquocs divided by t h e  

mean, was calculated for each set o f  duplicates i n  Tables A and B. 

The data were subdivided i n t o  the  internal  repl icat ion at IPA, TLU, 

and HASL and a l so  into  the replication between these laboratories.  

Then the mean percent deviation between al iquots for each subgroup 

was computed and i s  reported rn Table 6 .  It should be noted that 

- 25 - 
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t h e  r e s u l t s  of severa l  samples reported by TLW were suspect, and 

duplicate aliquots o f  these samplcs were subsequcntly subai t t cd  to 

I P A  f o r  v e r i f i c a t i o n .  These sets o f  duplicates were included i n  

the compilation o f  Table 6 and ref lect  a s l i g h t  b i a s  agazmast the 

randon select ion of dupl ica te  s e t s .  

Teble 6 indica tes  t h a t  t h e  precis ion o f  Pu-239 a n a l y s i s  both 

i n t e r n a l l y  an6 between IPA and HASL ranged up t o  228% and averaged 

below 220”/. The i n t e r n a l  prec i s ion  a t  TLW and the grecFsion between 

TLIJ and the other  laboratories wzs 3 times h i g h e r .  mese uncertain- 

t i v i c y  o f  allquoting the prepared sam2le. For example, ?=&le 2 sug- 

g e s t s  that allquoting Rocky F l a t s  s o i l s  gives an average -certainty 

o f  less t h a n  13%. Each o f  t h e  r e s u l t s  o f  the Rocky F l a t s  soil anal- 

yses  were examined i n  t h e  l i g h t  o f  expected results based ugon loca-  

t i o n  and conparison t o  neighboring samples. Reanalyses w e r e  psrfor- 

med when ZeeTed necessary,  and data were accepted depexdhg upon 

t h e i r  reasonaSleness and the laboratory conducting t h e  ar.alysis. 

Therefore, t h e  o v e r a l l  a n a l y t i c a l  precis ion was about 220%- 

The leve l  o f  Pu-238 A n  many o f  t h e  samples was so low as t o  

i n c u r  large counting errors .  If ei ther  a l i q u o t  had a counting error 

- 26 - 
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'15blc 6 

tabora tory 
Pu-23 9 

No. of Sets D e v i a t i o n  

I PA 5 14 

TLW 8 73 I 

HASL 1 14 

TLW/HAS L 

TLW/ IPA 

f 56 

9 58 
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f' 
. g r e a t c r  than =30%, t h a t  dupl icate  set  was omitted from further con- 

s i d c r a  t ion.  171 t h  tha t  limita t ion ,  the mean percent  deviat ion be- 

tween al iquots for hr-238 analyses was very s i m i l a r  t o  t h e  behavior 
c 

of Pu-239. 

I Anal y t i c s l  Pccuracy 

I The accuracy o f  t h e  P.I-239 analyses i s  d i f f i c u l t  to  e s t a b l i s h  

because o f  the lack o f  a standard soil sample. However, several 

reference sc ,$ les  were a a l y z e d  i n  which the  plutozitn le-Jels czn be 

approxinard from t h e i r  Sr-90 content .  Table 7 i d e n t i f i e s  these 

I sm-zLes grv-rg the Sr-?9 xsasurements, the expcted Pa-239 -3zlues 

based upon a Pu-239/Sr-90 r a t i o  of 0 .02  (6), and the reprred Pu-239 
5 

measureqents. The rtrec?" and "black" s o i l s  which were c o l l e c t e d  i n  

I 1958 a t  Raleigh, X'orth Carolina and McHenry County, Illurois, 
--_ 
respec t ive ly ,  were prepared as reference  s o i l  samples and were 

analyzed rany times f o r  Sr-90 content. The i n i t z s l  Pu-239 analyses 

of the "red" and "black" soils by TLI? r e f l e c t e d  the  laboratory 

contamination discussed e a r l i e r .  The re-analyses gave values which 

are about twice the expected values but i n  agreeaent w i t h  HASL's 

est imate  o f  t h e  "black" soil using t h e  fusion treatment. me meas- 

ured Pu-239 in the Derby, Colorado (1965) and New York C i t y  (1967) 

- 28 - . 
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samples are also h i g h e r  than t h e  expected values b u t  by less than 

a f a c t o r  o f  two. While these results cannot quantify t h e  accuracy 

of analysis ,  they do demonstrate the acceptability of the method. 

The laborator ies  performing these analyses were an good Cali- 

'oratLen w i t h  srrandard solutions o f  Pu-238 an6 PU-239 made avai lab le  

by W L .  

precis ion of re ;? l icate  al iquoting and analysis  is t h e  determining 

f z c t o r  :n the uncertamty o f  t h e  a n a l y t i c a l  results, and +&at the 

o v e r a l l  r e l i a b i l i t y  o f  tSe analyses i s  wLthin 225%. 

Froa these a n a l i t y  control  s t u s i e s  it appears tkat the 

- n.!-?re: 2- t:'-- 2. 35 F ~ i l  S a m l i n q  

To denmstrate that  the sample collected was representative o f  

t h e  s o i l  contamination a t  the saanpling site, duplicate sazqles were 

c o l l e c t e d  by each o f  t h e  two mechods o f  s a m p l ~ n ~ ; ,  and tipt r e s u l t s  of 

these analyses are  shown i n  Table 8 .  One sample o f  each duFlicate 

sample was analyzed i n  r e p l l c a t e  whi,le the second duplicate was 

analyzed only once,  

The teqglate sampling method a t  map s i t e  6 reflected a 232% 

deviation between duplicate samples for Pu-239 while t h e  c o r i n g  

method a t  nap s i t e  7 showed only a 211% deviation.  me Prr-238 re- 

sults were similar because the Pu-238/Pu-239 rat io  for a31 samples 

c 
- 30 - 
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was remarkably constant.  T h i s  precis ion i s  not  u n l i k e  the precisiam 

I of repl i ca te  analyses o f  i d e n t i c a l  samples. We conclude t h a t  the 

represent ivi ty  of s o i l  sampling is good and t h a t  t h e  uncertainty of 

t h e  f i n a l  data i s  due large ly  t o  the imprecision o f  a l r p o t i n g  and 

I a n a l y s i s .  

D I S C U S S I O N  ~ 

DI S t r i S L t i c n  w i t \  depth 
I 

I S i g n i f i c a n t  cpsntities of Pu-239 2ze below the top 5 cm o f  

soil and vegetation. Table 4 shows t h a t  between 9 and 61 percent of 

I 5 2  ,";-239 fzc-. :ne surf=c= t o  20  CT 2ep-;rl is 3ekw 5 m, &?a- 

Zing u p n  tne P a r t i c u l a r  t l p e  o f  s o i l .  A t  map s i t e s  nos, 6 md 8 w e  

sampled three or pore increments t o  see how the p l u t o n i w  was 6i.sL&- 

butcd w i t h  depth. Although about 90% was i n  the top 9 cm we were 
I 

I able t o  measure Pu-239 as f a r  down as 13 cm. W e  would conclude, 

however, that  at these s i tes  less than 1% 1s below t h i s  depth, 

A t  f i v e  other  s i tes  w e  separated the  0 - 5 cm and 5 - 2 0  a n  

I f r a c t i o n s  and found widely varying percentages of the total Pu-239 

measursd, below 5 cm. Undoubtedly the base exchange cFpacity and 
I . 

perhaps other c h a r a c t e r i s t i c s  of t h e  soil a r e  unportant factors in 

determining t h e  extent t o  which deposited plutonium w i l l  _=netrate 

below the surface. S i t e s  Xos. 26 and 27 were in city parks where 

. 
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liming and f e r t i l i z a t i o n  may enhance the downward movement. Lacking 

better definit ion of the plutonium distribution w i t h  depth a t  these 

other s i t e s  w e  assumed that  i n  sampling to  2 0  cm w e  removed esscn- 

t i a l l y  all of the plutonium that  had fa l len  out. 

Invm tom- 

? 
The areas w i t h i n  t h e  various contours o f  F i g u r e  5 were deter- 

mined by planrmetry, and the total Rocky Flats Pu-239 burden i n  the 

soil bomided by the  3 rnCi/kn2 coztour is estimated to be 4 . 5  Ci. One 

ob3ective of t h ~ s  stu6y was t o  determine the quanrity o f  Pu-239 re- 

c ~ E - -  -I: -n --* rrsaerty r3z csztrolled by the P S C .  Pie sampling plan 

z c f l e c t d  t h i s  ob ject ive  by collectxng few saxqles on the plant s i t e .  

C o n s e p e n t l y ,  oil?: estirates o f  the PJ-239 within the plant area i s  

poor and may be low. 

lands not controlled by t h e  AEC and w i t h i n  the 3 mCi/km 

estimated to be 2.6 Cia 

The Rocky Flats PU-239 on public and private 

2 contour LS 

There is no question t h a t  Rocky F la ts  plutoniuzi extended be- 

yond the 3 mCi/km2 contour, but the extent o f  t h i s  low level  contami- 

nation is d i f f i c u l t  to define.  Table B shows that  the f a l l o u t  Pu-239 

i n  1965 a t  Derby, Colorado which is only 17 miles eas t  of Rocky F l a t s  

was  1 . S  mCi/’km2 . Additional nuclear weapons f a l l o u t  from 1965 to 

1970 would add l i t t l e  Pu-239 t o  th i s  value. The observed values Of 
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2 2 .O and 1.8 m C i / k m  

40 miles t o  the eas t  and n o r t h  o f  Rocky F l a t s ,  respectively,began 

t o  appoach the expcctcd fa l lout  l eve l  o f  1 . 5  m C i / k m  . 
vening s i t e s  were somewhat higher and averaged about 2 .5  mCi/km . 

a t  map s i t e  h’os. 29 and 33 which were about 

2 The inter ;  

2 

n -  12J:lng t\i extrene and unlikely view that  the ent i re  area was con- 

t a n i n a c e d  kith the difference (1 mCi/k-n2) indicates that ,  as an 

upper l i m i t ,  an additional 3 . 2  Ci o f  Pu-239 could have been released 

fxz=..- z?s  ?,lint to tne rezote areas belond tr?e 3 m C i / h 2  contour. 

t c t ~ l  r ~ l e ~ s e 2  t o  non A X  controlled proserty would t5er increase to  

The 

5.8 Cr. . 
T h i s  calculatLon o f  the rexriote contamination r e l i e s  heavily 

u p n  t h e  1.5  mC;r/km2 estimate of f a l l o u t  glutonium i n  the area. The 

one measurement a t  Derby i n  1965 1s not s u f f i c i e n t  f o r  a sound argu- 

m e n % .  Sr-90 analyses o f  the remote s i t e  sarnples and o t h e r  s tudies  
- -- 

are  i n  progress which might resolve the problem. However, a thorough 

solution may require additional sampling I n  the  Colorado area. 

The h-238 measurements serve l i t t l e  u s e f u l  purpose except t o  

document the Pu-238/Pu-239 r a t i o  o f  the Rocky F l a t s  debris. The 

average ratio o f  t h i s  debris is about 0.020. A t  the  remote sites 

where there is a greater proportion of fa l lout  plutonim, the r a t i o  

is higher ref lect ing the debris from t h e  1964 re-entry burn-up Of the 

SNAP-SA generator 

- 34 - 



. 
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Sourcc! o f  Contamnation 

2 The d i s t r i b u t i o n  of Rocky F l a t s  plutonium within t h e  3 m C i / k m  

contour suggests  t h a t  the leaking b a r r e l s  were t h e  source  o f  the 

contanination. The average wind behavior over t h e  17 years  of 

record (FLgure 1) shor?ld d i s t r i b u t e  a chronic low-level stack eff- 

tumt Ln a d i r e c t o r r a l  ga t tern  sinzlzr t o  t h e  contzninatrcn cop- ! 

tours snown in Figcre 5 .  I J I ~ w c v ~ T ,  the  dotcnwrnd e x t e n t  o f  t h e  stack 

e f f l u e n t  would depend l a r g e l y  on the  p a r t i c l e  s ize of the  plutonium. 

Evzn rf o ~ L y  g r c u r t a t x n a l  set+d=r;g i s  considered for Lle  ha2 enrtted 

fro? ",?.e 250 f c c t  stac'c et t:?e Dc;: plmt, e ~ 6  if en avezz:= L-zstcrly 

~:nt cf 1 2  miles ptr ho,x is assmed (?xy.xe I),  then che plt;^;onium 

within t h e  3 raCi/kn- contour must have had a p a r t i c l e  size M excess 

of l o p  dimeter .  The psrticle s i z e  d i s t r i b u t i o n  of the plutonium 

i n f l u e 9 t  t o  t h e  s t a c k  i s  not  a v a i l a b l e ,  although measurements are 

I n  progress t o  determine it ( 4 ) .  Moreover, stack monitoring fram 

the  s t a r t  o f  plutonium operat ions  i n  1953 through 1968 indicate an  

integrated r e l e a s e  o f  only  3 8  mci ( 7 )  o f  plutonium - far below what 

we found. 

7 

The May 11, 1969 fire can be exonerated as the source because the 

winds  on t h a t  day (Figure 2 )  were almost directly oppos i te  to  tbe 
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contamination pattern leaving t h e  p l a n t  s i t e  (Figure 5 ) .  The de= 

t e c t i o n  o f  plutonium at 13 an  below the s o i l  surface  would f u r t h e r  

tend t o  rule out a s i g n i f i c a n t  contribution from t h i s  event. The 

Septenber 11, 1957 fire can not be eliminated on t h e  b a s i s  o f  t h e  

m n d s  a t  the time o f  t h a t  f ire  ( F i ~ u r e  3 ) .  

size o f  c w  dioxide from b u r n i n g  plutoniun i s  estimated t o  be sub- 

micron ( 2 ) .  The sharp gradient and r e l a t i v e l y  shor t  downwind ex- 

tent  o f  the contours i n  F i g u r e  5 a r e  not compatible w i t h  deposition 

However the p a r t i c l e  
1 

a cf snS-nlercn p a r t i c l e s .  

:-ere P T Z  s e v e r a l  observzt icns abaut t5s plutoni-m d i s t r i b u -  

t i c n  k k c z  l i n k  the contaminztion t o  the leaking b e r r e l s .  The 

* d u t o n i m  laden o i l  from the corroded b a r r e l s  contaminated t h e  soil 

i n  and around the storage area .  As the o i l  seeped underground or  

e v a p r a t e d ,  strong gusty winds which occur predominantly from the 

west, resuspended t h e  contaminated s o i l  carrying it eastward. Be- 

cause tke e f f i c i e n c y  f o r  resuspending p a r t i c u l a t e s  decreases with 

lower wind v e l o c i t i e s ,  t h e  r e l a t i v e l y  l i g h t  e a s t e r l y  winds  would n o t  

d i s t r i b u t e  much contaminaaon t o  t h e  west o f  the p l a n t  s i t e .  

The barre l  storage area was i n  a region on Rocky F l a t s  where 

tile ground was mostly course rock and sand p a r t i c l e s .  If these 
. 

. 

. 
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particles a r e  rcsuspcndcd they would f a l l  back to t h e  ground r a t h e r  

queckly.  

p l a n t  s i t e  supports  t h i s  view. 

c o n c e n t r a t e  i n  t h e  creek ravines as do t h e  f i n e  p a r t i c l e s  o f  s o i l  and 

alluvlum. 

The r a p i d  d e c r e a s e  o f  the high l e v c l  c o n t o u r s  e a s t  of the 

S i m i l a r l y  t h e  contammation d i d  not 

It i s  i n t e r e s t i n g  ax6 probbably meaningful that t h e  surveys  of , 

the barrel s t o r a g e  a r e a  on t h e  plant  s i t e  suggested a s o u t h e a s t e r l y  

migrat ion of t h e  c o n t a m n a t i o n .  The contours  off t h e  p l a n t  s i te  in 

F i q x r e  5 also s50w a strong s o u t l e r l y  compcnent. 
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